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Abstract

Dendritic cells (DC) comprise a system of cells in lymphoid

and nonlymphoid organs that are specialized to present anti-
gens and to initiate primary T cell responses. The Langerhans
cell of the epidermis is used as a prototype for studies of DC in
the skin. We have characterized a population of DC in human
dermis, one of the first examples of these cells in nonlymphoid
organs other than epidermis. To identify their distinct functions
and phenotype, we relied upon the preparation of enriched popu-
lations that emigrate from organ explants of dermis. The der-
mal cells have the following key features of mature DC: (a)
sheet-like processes, or veils, that are constantly moving; (5)
very high levels of surface MHC products; (c) absence of
markers for macrophages, lymphocytes, and endothelium; (d)
substantial expression of adhesion/costimulatory molecules
such as CD11/CD18, CD54(ICAM-1), B7/BB1, CD40; and
(e) powerful stimulatory function for resting T cells. Dermal
DC are fully comparable to epidermis-derived DC, except for
the lack of Birbeck granules, lower levels of CD1a, and higher
levels of CD36. DC were also detected in explants of mouse
dermis. We conclude that cutaneous DC include both epider-
mal and dermal components, and suggest that other human
nonlymphoid tissues may also serve as sources of typical im-
munostimulatory DC. (J. Clin. Invest. 1993. 92:2587-2596.)
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Introduction

Dendritic cells (DC)! constitute a defined system of antigen-
presenting cells. They are distributed in many tissues and or-
gans of the body, generally as trace populations (1 ). Epidermal
Langerhans cells (LC) (1, 2) are well-studied representatives of
this cell system. LC exemplify best how DC are highly special-
ized to initiate primary immune responses. Freshly isolated
LC, which are considered to be in vitro equivalents of resident
epidermal LC, are very efficient in processing native protein
antigens and generating immunogenic MHC class II-peptide
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complexes (3); at the same time, however, they are poor stimu-
lators of resting T cells (4). Upon culture and under the control
of GM-CSF, LC undergo a maturation process whereby they
lose the ability to process protein antigens but acquire the ca-
pacity to stimulate resting T lymphocytes (3, 4). Thus, they
seem excellently suited to generate immunity in vivo. DC cap-
ture and process antigens in tissues like the skin (immature,
“tissue DC”); they undergo the changes observed in vitro and
migrate to the draining lymphoid organs; there they present
immunogenic MHC-peptide to resting T cells and deliver the
necessary signals for an effective T cell response (mature, “lym-
phoid DC”) (1, 5).

The existence of resident DC in the dermis, equivalent to
epidermal LC, is strongly suggested by several reports (6-11).
As opposed to the epidermis, however, dermal DC are not well
defined. Several reasons may account for this. Dermal tissue
contains many different resident and transiting cell popula-
tions that make it more difficult to unequivocally identify and
define distinct cell populations by immunohistochemistry. The
preparation of dermal cell suspensions is more difficult than
the well-established methods to obtain epidermal LC (6).
Markers that prove selective for DC/LC in the epidermis (e.g.,
anti-MHC class II antibodies, ATPase reactivity) are not help-
ful in the dermal environment because they also stain macro-
phages and sometimes endothelial cells. Finally, studies on
skin sections cannot reveal the unique immunostimulatory
features of DC.

Mature DC are the crucial cells for the elicitation of pri-
mary immune responses. In contrast to resident, immature
“tissue DC,” they can be distinguished more easily from other
cell types of the myeloid lineage by their distinct morphologi-
cal, phenotypical, and functional properties. We therefore
sought for a way to obtain cultured DC (i.e., mature DC) from
the dermis. The recent demonstration that cutaneous DC
could be recovered from murine whole skin organ cultures
(12) prompted us to modify this method in that we separated
epidermis from dermis and evaluated the obtained DC side by

side.

Methods

Mice and media. BALB/c mice were purchased from Charles River
Wiga (Sulzfeld, Germany) and used at 6-10 wk of age. The culture
medium used for both human and murine experiments was RPMI
1640 (Seromed-Biochrom, Berlin, Germany ) supplemented with 10%
FCS (Gibco Laboratories, Paisley, Scotland), 50 uM 2-mercaptoeth-
anol (Sigma Chemical Co., St. Louis, MO), 200 mM L-glutamine
(Gibco Laboratories), and 20 ug/ml gentamicin (Gibco Laborato-
ries).

Processing of human skin specimens for culture. Normal human
skin was obtained from corrective plastic surgery of breast and abdo-
men. Split-thickness skin was prepared by using a dermatome ( Davol-
Simon, Bard Inc., Sockanosset, MA ). It was trimmed to square pieces
of ~ 5 X 5 mm. The pieces of skin were floated on a solution of the
bacterial protease Dispase type II (Boehringer-Mannheim, Mannheim,
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Germany) at a final concentration of 1.2 U/ml in RPMI 1640 without
serum. After 30-40 min at 37°C epidermis and dermis could be pulled
apart with the help of fine forceps (13). Dermal and epidermal sheets
were rinsed in two changes of RPMI 1640 and placed on 10 ml of
culture medium in 100-mm tissue culture petri dishes (Falcon Lab-
ware, Oxnard, CA). Epidermal sheets spread and floated when placed
dermal side down; dermal sheets coiled up and sank to the bottom of
the dish. In some experiments pieces of skin were placed on medium
without previous separation of dermis from epidermis. After 2 d of
culture half of the medium was carefully removed and replaced by fresh
medium.

Processing of murine skin specimens for culture. Whole mouse ear
halves were rinsed with 70% ethanol, air dried, and treated with dispase
as described above. One dermal sheet corresponding to one ear half was
cultured in one well of a 24-well tissue culture plate (Falcon Labware)
in 2 ml of culture medium. Dorsal dermis could be cultured as a whole.
From ventral halves, in contrast, only the relatively small areas that
were free of cartilage could be used.

Recovery of human and murine dendritic cells. After 2-5 (routinely
3)d of culture solid tissue remnants were removed from the dishes with
forceps and free cells were collected with a pipette, centrifuged once,
and counted in the hemocytometer in the presence of trypan blue to
assess cell viability. In some experiments recovered human DC were
further enriched by passage over dense bovine plasma albumin col-
umns as described (4, 14).

Additional methods. All other methods used in this study were
done exactly as described previously: immunolabeling for flow cytome-
try (14, 15); immunoperoxidase and immunofluorescence staining of
epidermal and dermal sheets ( 14), cryostat sections (14 ), and cytocen-
trifuge smears (16); standard electron microscopy (17); allogeneic
mixed leukocyte reaction and oxidative mitogenesis assays (4, 14);
isolation of slightly (2-4% [18]) and highly enriched (30-50% [19, 20])
populations of DC from human blood. For functional inhibition stud-
ies, hybridoma supernatant of mAb 9.3F10 (HB180 from the Ameri-
can Type Culture Collection, Rockville, MD) anti-HLA-DR /DQ was
present throughout the time of the assay at a final concentration of 25%
(vol/vol).

Results

Recovery of human dermal DC from skin organ culture. After 3
d of culture a population of DC as identified by morphological
criteria (see below) was recovered from the culture wells. DC
could already be observed under phase contrast after 1-2 d.
The kinetics of emigration of cells from the dermal explants
were not studied in detail, though. Table I shows that in a series
of 23 experiments dermal DC appeared consistently in sub-
stantial numbers. The degree of enrichment, however, was

Table I. Recovery and Enrichment of Human Dermal DC from Dermal Organ Cultures

Low-density fraction after BSA flotation

Absolute Absolute
numbers of Enrichment numbers of Absolute numbers Enrichment
Expt. Viability* dermal DC of dermal DC* dermal DC* Viability of dermal DC of dermal DC}
% x107¢ % per cm?® % x107° %
1 56 32 2 8,000 - 66 2.9 12
2 56 1.7 8 9,000 - 70 2.1 21
3 57 4.2 ) ND - 69 4.5 18
4 91 6.5 18 ND - 83 35 31
S 79 2.0 16 ND - 94 1.4 28
6 60 1.2 4 ND - 76 0.5 8
7 33 0.5 3 4,000 - 85 0.5 8
8 40 2.0 3 11,000 - 77 1.7 15
9 66 1.5 16 25,000 - 90 0.85 50
10 61 8.8 5 21,000 - 62 4.6 11
11 63 1.3 19 11,000 - 91 1.0 34
12 54 3.0 2 ND - 68 1.5 3
13 58 1 28 8,000 No further enrichment
14 82 12 28 ND No further enrichment
15 87 1.9 42 32,000 No further enrichment
16 67 1.3 23 ND No further enrichment
17 84 0.5 34 ND No further enrichment
18 80 9.3 24 23,000 No further enrichment
19 83 12.6 24 ND No further enrichment
20 70 0.5 9 4,000 No further enrichment
21 85 0.38 24 ND No further enrichment
22 94 1.8 48 ND No further enrichment
23 85 0.9 42 8,000 No further enrichment
Means + SD 69 + 16 19+ 14 13,600 + 9,200 77 £ 11 20+ 14

Recovery of DC from cultures of human dermis explants. Dermal sheets were cultured for 3-4 d; cells released into the culture medium were
counted. Dermal DC were identified under the hemocytometer by their characteristic irregular hairy shape. Note that flotation of cells on BSA
columns increases both the percentage of dermal DC (8 — 20%) and the overall viability of cell populations (60 — 77%). * The percent viable
cells of all cells recovered from the culture medium. * The percentage of dermal DC of all viable cells. ¢ These numbers are calculated on the
basis of the number of 100-mm petri dishes (~80 cm?) filled with dermal sheets at the start of the culture. It was assumed that 75% of the petri

dish (i.e., ~60 cm?) was covered with dermal sheets.
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highly variable (mean, 19%; range, 2-48%). Approximately
14,000 (range, 4,000-32,000) dermal DC could be obtained
from 1 cm? of dermis ( Table I). The recovery of epidermis-de-
rived DC (i.e., LC) from corresponding epidermal explants
(sheets) from the same original pieces of skin was generally
lower (ratio of dermal DC to epidermal DC in 22 experiments:
mean, 2.4+1.7 SD; range, 6.0-0.5).

The viability of dermal cell suspensions and the degree of
dermal DC enrichment could be increased by flotation on
dense bovine serum albumin columns (4, 14). In 12 experi-
ments the percentage of dermal DC rose from a mean of 8%
(range, 2-19%) before flotation to a mean of 20% (range,
3-50%; Table I) in the low-density fraction after enrichment.
The high-density fraction contained < 10% of dermal DC
loaded onto the column.

To determine whether dermal DC were derived from a pool
of proliferating cells either still within the tissue or in the cul-
ture medium, split-thickness skin was irradiated with 30 Gy.
The number and phenotype of dermal DC collected from the
culture medium after 3 d were not affected by the irradiation
treatment (not shown).

Morphology of human dermal dendritic cells. Under phase
contrast dermal DC as well as epidermis-derived DC were irreg-
ularly shaped and showed prominent cytoplasmic sheet-like
processes (Fig. 1 4). Upon close inspection these “veils” were
continually extended, retracted, or they showed waving move-
ments. This was identical to cultured epidermal LC or to what
had been described for human blood (19) or gut (21) DC. In

Figure 1. Morphology of human (4) and murine (B) dermal DC. The
populations had been enriched before photography. Note the abun-
dance of cytoplasmic sheets (veils, arrows) X600.

the electron microscope (Fig. 2) these processes or lamellipo-
dia were typically devoid of organelles (2, 22, 23). Dermal DC
did not possess Birbeck granules. In epidermis-derived DC, in
contrast, Birbeck granules were found in every cell (not
shown). The cytoplasm contained few lysosomes, many mito-
chondria, profiles of smooth endoplasmic reticulum, and
many electron-lucent vacuoles, some of them similar in struc-
ture to multivesicular bodies. Finally, flow cytometric analysis
of size (forward scatter) and granularity (side scatter) showed
that dermal DC had the same large forward scatter profile as
human blood (19, 20, 24) or gut DC (21) (Fig. 3).

Phenotype of human dermal DC. The expression of CD45
and CD33 on the surface of dermal DC proves that they are
leukocytes of the myeloid lineage. The hallmark of DC is their
abundant expression of MHC class II molecules. Dermal DC
express large amounts of MHC class II as demonstrated on
cytospin preparations (Fig. 4) and by FACS® (Becton Dickin-
son & Co., Mountain View, CA) analyses (Figs. 5 and 6).
Dermal DC, epidermis-derived DC (Fig. 4), as well as cultured
LC had similar staining intensities. Examination of dermal DC
with a large panel of mAbs revealed an antigenic profile charac-
teristic for DC (summarized in Table II). (a) Al MHC and
MHC-associated molecules are expressed at high levels. (b)
Dermal DC lack lineage-restricted markers such as CD19 and
CD20 for B cells, CD3 and CDS8 for T cells, and CD14 and
CD68 for macrophages. (¢) Molecules that are not strictly lin-
eage specific but that, in contrast to monocytes, were found to
be present on mature DC (14, 19, 24, 25) are also positive on
dermal DC: mAb RFDI (26), CD5 (27), CD24 (mAb VIB-
E3)(14),CD25, CD40. (d) Substantial levels of adhesion mol-
ecules involved in binding and signaling to T cells (28) in the
course of T cell activation (CD11a, CDI1c, CDI18, CD54
[ICAM-1], B7/BB1) were detected on dermal DC. These key
features clearly identify dermal DC as a member of the DC
system (1).

Three other markers help to distinguish dermal DC from
epidermis-derived DC. Dermal DC are positive for CD1a and
CD36 (Fig. 6) and do not stain with mAb Lag (Fig. 4), recog-
nizing a Birbeck granule-associated molecule (29). Epidermis-
derived DC, in contrast, display an almost inverted profile:
CD1a expression is uniformly much higher, CD36 is virtually
absent (Fig. 6), and Birbeck granules are abundant as visual-
ized by mAb Lag (Fig. 4) and electron microscopy (not
shown).

We consistently noticed a subpopulation of dermal DC (5-
10%) displaying the epidermal DC phenotype: CDla***/
Lag*** (Figs. 4 and 6). Although the bulk of epidermis, in-
cluding hair follicles and appendages, could readily be de-
tached from the dermis by means of dispase (13), it was
inevitable that tiny pieces of epidermis still remained adherent
to the dermal sheet. Therefore, we consider the CDla***/
Lag*** subpopulation as epidermis-derived DC (i.e., LC) con-
taminating the dermal cell suspension.

T cell stimulatory capacity of human dermal DC. Both in
the allogeneic mixed leukocyte reaction (n = 6) and in an oxi-
dative mitogenesis assay (n = 1) dermal DC elicited vigorous
proliferative responses in resting T cells (Fig. 7, 4-C) that
could be blocked by the addition of anti-MHC class II antibod-
ies to the culture (Fig. 7 B). Dermal DC were as strong as DC
derived from the corresponding epidermal sheets, which may
be regarded as equivalent to cultured LC (14). While 100-300
dermal DC still induced substantial T cell proliferation (20-
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Figure 2. Electron microscopy of human dermal DC derived from a 3-d cultured dermal explant. Note the many cytoplasmic processes devoid of
organelles (veils, arrowheads in A) and the relative paucity of lysosomes and phagosomes. The close ups of the perinuclear region (B and C)
show smooth endoplasmic reticulum (arrows) and multivesicular body-like vacuoles (asterisks). N, nucleus; G, Golgi apparatus; open triangles,
lipid droplets. X11,000 (A4), X38,000 (B and C); scale bars: 1 um (A4); 500 nm (B and C).

40-fold above background ), the same numbers of PBMC from relative potencies of dermal DC, epidermis-derived DC, and
the same donor were inactive (Fig. 7 4). At higher doses, how- populations of PBMC were found in the oxidative mitogenesis
ever, PBMC did stimulate the T cells. Similar differences in the (Fig. 7 C).
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Figure 3. Flow cytometric analysis of human dermal
DC from dermal explant cultures (4 and B) and of
human DC enriched from peripheral blood (19) (C).

Cells were labeled with FITC-conjugated anti-MHC
class I mAb. Dead cells stained with propidium io-
dide were excluded from analysis. Dot blots show for-
ward scatter (FSC) on the x-axis as a measure of size,
and side scatter (SSC) on the y-axis as a measure of
granularity. Whole populations of viable cells are
shown in 4 and C; strongly HLA-DR * cells (i.e., der-
mal DC) were selected by gating in B. Note that both
types of DC have similar FSC/SSC profiles. Contam-
inating lymphocytes are marked with arrows.

DC in the murine dermis. During culture of whole ear
halves for 2-3 d, different cell types emigrated from the skin
explants. One of these populations qualified as typical DC by

Figure 4. Expression of Birbeck granule-associated Lag antigen (29)
by DC derived from 3-d cultured dermal and epidermal explants.
Cytospins were double labeled with mAb anti-Lag (4-C) and anti-
HLA-DR (D-F). A and D, B and E, and C and F represent identical
microscopic fields. Note that all epidermal HLA-DR * cells (D), i.e.,
epidermis-derived DC, display a fine granular Lag staining (A4),
whereas only a small fraction (arrows) of dermis-derived DC ( E and
F)is Lag* (B and C.) x200.

morphology, phenotype, and function as described (12). Simi-
larly, when epidermis and dermis were separated from each
other by dispase treatment and were cultured in separate wells,
DC populations became evident. Dermis-derived DC could eas-
ily be identified and counted under the hemocytometer by vir-
tue of their irregular, hairy shape. In eight experiments the
absolute numbers of DC ranged between 5,200 and 32,400
(mean, 13,400+9,400 SD) per mouse. The degree of enrich-
ment was between 18 and 68% (mean, 43+18% SD) of all
viable cells. Enrichment of dermal DC by gradients was not
attempted. The non-DC in the cultures were not systematically
investigated.

Dermal DC possessed long processes (“veils”) that were
constantly being extended and retracted (Fig. 1 B). Their ultra-
structural morphology was suggestive for their DC nature: thin
cytoplasmic protrusions devoid of organelles (i.e., veils); cyto-
plasm containing only few lysosomal elements; indented and
lobulated nucleus; profiles of smooth endoplasmic reticulum
(not shown). Birbeck granules were not found in these cells.

Dermal DC expressed high levels of MHC class II antigens
as shown on cytospins (Fig. 8). Additional molecules typical
for DC, such as NLDC145 (30) and mAbs M342 (16) and 2A1
(31), recognizing molecules in distinct organelles of mature
DC were expressed. Dermal DC were negative for the macro-
phage marker F4/80; though few F4/80* macrophages were
found in the dermal cell suspensions (Fig. 8 C).

Dermal DC were potent stimulators of resting T cells in an
oxidative mitogenesis assay (Fig. 7 D). They were at least as
powerful as a control population of cultured epidermal LC (4)
from the same mouse strain.

Discussion

DC in nonlymphoid tissues. Epidermal LC (2) have been re-
garded as the major type of cutaneous DC. So far they have
been the best-studied example for DC from nonlymphoid tis-
sues (1, 5). Here we report that the dermis also harbors a sub-
stantial population of DC as defined by morphological, pheno-
typical, and functional criteria. In the human system, this is
one of the first attempts to isolate DC from a healthy nonlym-
phoid tissue other than epidermis. The only other human tis-
sues from which immunostimulatory DC were previously ob-
tained are the lamina propria of the gut (21) and lung paren-
chyma (32). We feel that DC from other nonlymphoid tissues
may become more accessible and better studied by using simi-
lar simple approaches for isolation as the one described here.
Comparison of dermal DC with DC from other sources. By
morphology dermal DC are virtually identical to DC from
other sources such as blood and epidermis. Their stimulatory
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Figure 5. Cytofluorographic analysis of human dermal DC. Dermal
DC populations were enriched by flotation on dense BSA columns.
Dot plots from different double-labeling experiments are shown; der-
mal DC were identified by their high expression of HLA-DR antigens
(fluorescence on the x-axis). The quadrants in each plot were defined
on the basis of isotype-matched control antibodies. In addition, con-
trols are explicitely depicted for CD54 (ICAM-1) and B7/BB1. Note
that dermal DC express molecules typical for DC (MHC, RFDI,
CD25, CD40, CD5, adhesion molecules) but lack or express low lev-
els of macrophage markers (CD14, CDw32). HLA-DR-negative cells
expressing CD45, CD5, CD4, CD1 1a, and CD18 are contaminating
lymphocytes.

capacity for resting T cells is as high as described for well-de-
fined types of DC such as cultured LC (4) or blood DC (19).
Dermal DC are = 100 times powerful than blood mononuclear
cells of the same donor. Also, the phenotype of dermal DC
corresponds exactly to the phenotype of mature human (14,
19, 20, 24, 25, 27, 33) or murine (15, 16, 30, 31, 34) DC from
blood or epidermis.

Besides this basal identity our data also demonstrate that
there are variants of DC or that DC develop different pheno-
typical features depending on the milieu where they stem from
and where they mature. For example, DC derived from epider-
mal explant cultures are CD1a***/CD36/Lag***, whereas
DC derived from dermal explant cultures are CD1a*/CD36*/
Lag™. Interestingly, cultured epidermal LC obtained by stan-
dard trypsinization methods express low levels of CD1a (14,
25) and human blood DC lack any CD1a expression ( 19). This
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Figure 6. Cytofluorographic analysis of markers distinguishing be-
tween human DC derived from either dermis (/eft) or epidermis
(right). DC are identified by their HLA-DR expression (x-axis).
Dermal DC express lower levels of CD1a than epidermis-derived DC
(top). The bulk of epidermis-derived DC does not express CD36,
whereas dermal DC were consistently positive (bottom). Note the
small subset of very strongly CD1a-positive dermal DC; they are pre-
sumably contaminating epidermis-derived DC.

variability is not surprising as it has been shown that CD1 mole-
cules on LC (35) or monocytes (36) can be modulated by
cytokines in vitro. In vivo, Kaplan et al. observed increased
numbers of CD1a-expressing cells in the upper dermis in de-
layed-type hypersensitivity reactions (37) or after intradermal
injection of GM-CSF (38). In these experiments the density of
epidermal LC remained unchanged (38) or LC were sloughed
off through the stratum corneum (37). Therefore, the increase
in CD1a-positive dermal cells might also be explained by GM-
CSF-mediated induction of CD1la on resident dermal DC, in
addition to recruitment of DC from blood-derived precursors
as suggested by the authors.

Relation of dermal DC to dermal dendrocytes and other
dermal leukocytes. Dermal DC described here are cells that
have been harvested after 3 d of organ culture. Therefore, cau-
tion is warranted when comparing the phenotype of dermal
DC to the phenotype of resident, dendritic-appearing cells in
the dermis (9, 10, 39—-42). Epidermal LC undergo profound
changes (4, 14, 25) upon a 3-d culture. Likewise, it can be
expected that those dermal DC that have emigrated from the
dermis explant during the 3-d culture have also changed their
morphology and phenotype. Yet, we have attempted to iden-
tify the resident dermal cell that may give rise to the dermal DC
collected from the culture medium. We immunolabeled cryo-
stat sections and dermal sheets on days 0 and 3 of culture in
order to find cells of a particular phenotype that would disap-
pear or be significantly reduced during the culture period, thus
allowing us to conclude that these may be the cells from which
dermal DC originate. Using a panel of mAbs (HLA-DR,
CDla, CDIc, RFDI1, CD36, CD33) we were not able to un-



Table II. The Phenotype of Dermal DC

CD classification

Reactivity with DC from:

Dermal

Epidermal

Monoclonal

specificity explants explants antibodies Source Remarks
MHC and associated
HLA-ABC +++ +++ W6/32 BD
HLA-DR +++ +++ L1243 BD
HLA-DR + DQ +++ +++ 9.3F10 RMS
HLA-DQ-related +++ +++ RFDI . LWP
Invariant chain ++ ++ VIC-Y1 WK Intracytoplasmic
Invariant chain, CD74 tr/++ ND BU45 DLH Cell surface
Leukocyte antigen
CD45 ++/+++ +4+/+++ HLe BD
Macrophage markers
CDi14 - - 3C10, LeuM3 RMS, BD
CD68 - ND EBM11 DAKO
Myeloid markers
CD33 ++/+++ ++/+++ LeuM9 BD
CD34 - - HPCA-1 BD
Receptors
CD23, IgERII - ND BU38 BS
CD25, IL-2R | u-as +/++ ND 2A3 BD
CDw32, FcRII —/++ —/++ 1V.3, CIKM5 CLA, GP
T lymphocyte markers
CDla —/++ +++ OKT-6 Ortho 5-10% dermal DC +++
CDlIc tr/+++ tr/++ L161 EB
CD3 - - Leu4 BD
CD4 tr/++ tr/++ Leu3a +b BD T cells ++/+++
CD5 ++ tr Leul BD Weaker than T cells
CD8 - - Leu2a BD
B lymphocyte markers
CDI19 - - Leul2 BD
CD20 - - Leul6 BD
CD24 + + VIB-E3 WK
CD40 +++ +++ G28-5 JAL
Adhesion molecules
CDl1a, LFA-1 tr/+++ tr/++ TB133 STP (44) Lymphocytes +++
CDlic ++/+++ tr/++ LeuMSs, p150/95 BD, DAKO :
CD18 tr/+++ tr/+++ CLB54 STP (44) Lymphocytes +++
CDw49d, VLA-4 tr/++ + HP2/1 STP (45)
CD54, ICAM-1 tr/+++ +/+++ TF7 MPD
B7/BBI tr/++ +/++ BBl EAC (46)
VCAM-1 - - 4B9, 2G7 STP (47), Otsuka <20% epidermal DC++
ELAM-1 - - 7A9 Otsuka
HECA452 - —/++ HECA-452 STP (48) ~25% epidermal DC++/+++
Miscellaneous
CD36 +/+++ tr/— OKM-5 Ortho
Birbeck granule - +++ Lag MKS (29) 5-10% dermal DC +++
- ND Rabbit Ig BE

Factor XIIla

Cell surface antigens were investigated by cytofluorometry in most cases; few experiments were done by immunofluorescence on cells attached to
poly-L-lysine-coated slides. Levels of mAb staining are indicated as follows: —, no detectable staining; tr (trace), <5 X staining level of isotype-
matched control; +, 5-15X control; ++, 15-100X control; +++, >100X control. Division of symbols by a slash indicates a range of staining.
Expression of intracellular antigens was determined on cytopsins (invariant chain, Lag, CD68, factor XIlIla). BE, Behring Werke (Marburg/L.,
Germany); BS, The Binding Site (Birmingham, England); BD, Becton Dickinson & Co. (Mountain View, CA); Dako Corp. (Glostrup, Den-
mark); Ortho Pharmaceuticals (Raritan, NJ); Otsuka America Pharmaceutical (Rockville, MD); CLA, C.L. Anderson (Columbus, OH); DLH,
D.L. Hardy (Birmingham, England); EAC, E.A. Clark (Seattle, WA); EB, E. Berti (Milano, Italy); JAL, J.A. Ledbetter (Seattle, WA); LWP,
L.W. Poulter (London, England); MKS, M. Kashihara-Sawami (Kyoto, Japan); MPD, M.P. Dierich (Innsbruck, Austria); GP, G. Pilkington
(Melbourne, Australia); RMS, R.M. Steinman (New York, NY); STP, S.T. Pals (Amsterdam, The Netherlands); WK, W. Knapp (Vienna, Aus-
tria); Descriptions of unreferenced mAbs can be retrieved from the Proceedings of the [Vth Leukocyte Typing Workshop (49) and/or from

reference 14.
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Figure 7. T cell stimulatory function of human (4-C) and murine
(D) dermal DC in the allogeneic mixed leukocyte reaction (A4 and
B) and in the oxidative mitogenesis assay (C and D). Responder cells
are purified T lymphocytes. The following stimulator cell populations
were used: filled circles, dermal DC; filled squares, corresponding
epidermis-derived DC in 4-C and 3-d cultured LC in D; open circles
in A, PBMC, open circles in C, overnight cultured nonadherent
PBMC; diamonds in D, DC from whole skin explants. Stimulator
populations in 4, B, and D were autologous; PBMC and DC were
from different donors in C. Note that the stimulatory capacity of
dermal DC is strongly inhibited when anti-MHC class II mAbs are
present during the assay (triangles in B).

equivocally identify a candidate cell type. The only marker that
was reproducibly and significantly reduced after 3-d culture
was the factor XIIla antigen. This molecule characterizes a
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population of MHC class II-expressing dermal leukocytes,
commonly called “dermal dendrocytes” (40). These cells re-
side predominantly in the upper dermis, partly in a perivascu-
lar location. They may be the same cells described by Son-
theimer et al. (39) as “dermal perivascular dendritic cells.” We
were unable to detect factor XIIIa reactivity in isolated dermal
DC. Therefore, we could not formally prove that factor XIIla—
positive cells had physically left the skin culture; they might as
well have lost the expression of that particular molecule. Thus,
the resident, probably immature, dermal DC that give rise to
the mature dermal DC described here remain to be identified.
To this end it will be necessary to dissociate dermal tissue into
single-cell suspensions, separate the different cell populations
from each other, and study their morphology, phenotype, and
function before and after a short-term culture.

Relation of dermal DC to epidermal LC. Dermal DC recov-
ered from the medium after 3 d of organ culture may have
three possible origins. (@) They may stem from epidermal LC
or their precursors on their way into the epidermis. (b) Alterna-
tively, they may stem from (antigen-laden) epidermal LC on
their way from the epidermis to the draining lymph nodes.
Cultured human epidermal LC still possess easily detectable
Birbeck granules (14). In contrast, human dermal DC were
found to be completely devoid of this characteristic organelle.
This would argue against a derivation of the bulk of dermal DC
from epidermal LC. (¢) Finally, the majority of dermal DC
may be derived from a resident population of presumably im-
mature DC in the dermis, analogous to the population of LC in
the epidermis. The numbers of dermal DC that can be obtained
from a given area of skin are in the same order of magnitude
(though somewhat less) as the numbers of epidermis-derived
DC or cultured LC. On the other hand, immigration and emi-
gration of LC into and from the epidermis under steady-state

Figure 8. Phenotypical analysis of murine der-
mal DC on cytospins of cells derived from 3-d
cultured dermal explants. Immunoperoxidase
staining shows strong expression of MHC class
11 (A4). Dermal DC stain for NLDC-145 (B) but
are negative for macrophage antigen F4/80 (C);
a rare F4/80-positive contaminating macro-
phage is arrowed. mAbs 2A1 (D) and M342 (F)
label typical intracytoplasmic granules. Anti-
CD3 (hamster mAb 2C11, E) serves as specific-
ity control for M342. Nuclei were counterstained
with hematoxilin. X200.



conditions is a slow process (43). Therefore, it seems unlikely
that dermal DC described here represent only a transiting popu-
lation. The heterogeneity in phenotype (broad distribution of
fluorescence intensities with some markers; see Figs. 5 and 6)
would suggest that they may represent DC from all three possi-
ble sources.

Evaluation of our method to obtain dermal DC. The
method described here is simple and avoids trypsin treatment
of dermal tissue. The large variability in DC yields (see Table I)
may be due to differences in donors (young vs. old), in the
sources of skin (breast, abdomen, extremities), and in the
thickness of the cultured dermal sheet. It should be kept in
mind, though, that these populations are likely to be contami-
nated with small percentages of epidermis-derived DC, i.e.,
classical LC. In the human system these contaminants are de-
fined by their expression of high levels of CDla and of Lag
antigen (i.e., Birbeck granules). In the mouse we did not find a
marker that distinguished between DC from dermis and epi-
dermis. Since some hair follicles inevitably remain in the der-
mal sheet, DC recovered from murine dermal explant cultures
probably stem from both dermal and epidermal (i.e., follicu-
lar) tissue.

The numbers of epidermal LC obtained by standard tryp-
sinization followed by a 3-d culture together with keratinocytes
(14) cannot be accurately compared to dermal DC and epider-
mis-derived DC numbers. Yet, a rough estimate of cell num-
bers shows that in the human system the yield of dermal DC
(~ 14,000/cm?; see TableI) is in the same order of magnitude
as the yield of cultured epidermal LC. In one typical experi-
ment ~ 9,000 cultured LC/cm? of trypsinized epidermis were
recovered. Thus, the culture method described here can be
used to reliably get substantial numbers of mature DC of der-
mal origin.

Relevance of dermal DC in disease. Our data show that the
dermis is a source of typical DC. They may form an important
second line of defence behind epidermal LC. Tasks such as the
induction of delayed-type hypersensitivity or the rejection of
skin grafts, which epidermal LC were thought to fulfill, may
alternatively or additionally be accomplished by dermal DC. In
a murine contact hypersensitivity model this has already been
demonstrated (6, 8).
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